Poly(ethylene succinate) (PES) with weight-average molecular weight above 60,000 g·mol -1 was efficiently obtained by enzymatic ring opening polymerization of cyclic oligo(ethylene succinate)s c(ES) n , which in turn were prepared by lipase-catalysed cyclocondensation in solution of dimethyl succinate and ethylene glycol. The methodology was demonstrated to be also applicable to the synthesis of high molecular weight PES-copolyesters containing butylene succinate, -hydroxycaproate or L-lactate units with a random distribution.
with less generation of undesirable by-products. [7, 8] Furthermore, the ROP reaction is efficiently catalysed by enzymes making feasible the preparation of metal-free polymers. [9] [10] [11] Additional advantages of ROP are the low viscosity of the reaction medium and the absence of volatiles therein produced. These features are largely appreciated when polymerization has to be performed in situ as it is the case of nanocomposite manufacture and reactive injection moulding.
In 2004, the US Department of Energy declared bio-based succinic acid (SA) as a high-potential chemical platform for the synthesis of compounds able to replace those currently in use but coming from fossil resources. [12] This is one of the main reasons explaining why poly(alkylene succinate)s, and in particular poly(butylene succinate) (PBS) and poly(ethylene succinate (PES), are ahead of bio-based polyesters of AA-BB type. [13] The industrial synthesis of PBS is currently performed by polycondensation of SA (or its dimethyl ester, DMS) with 1,4-butanediol (BDO) assisted by tin or titanium organometallic catalysts. In 2006 Matsamura et al. [14, 15] 
Results and discussion
Graphical data obtained in the characterization of the cyclic c(ES) n mixture are shown in Fig. 1 , and a detailed account of numerical data is provided in the ESI file.
The NMR spectra (Fig. 1a) were in full agreement with the constitution expected for the c(ES) n mixture, and they did not show any signal indicative of the presence of linear oligomers. The MALDI-TOF spectrum (Fig. 1b) contained the m/z signal sequence arising from the 144 molar mass attributable to the ethylene succinate MALDI-TOF results could be reasonably attributed to the trimer and tetramer species.
A comparison of these results with those reported for c(BS) n is given in Table 1 exclusively by heating, progressed linearly with a small slope to produce a PES with M w 10,000 g·mol -1 after 24 h of reaction.
Fig. 2 Evolution of Mw of PES generated in the ROP of c(ES)
n at 125 ºC using CALB, Sn(Oct) 2 and in the absence of catalyst.
The great attention that nowadays is receiving the development of aliphatic copolyesters containing alkylene succinate units has encouraged us to explore the feasibility of e-ROP for preparing such copolyesters from the c(ES) n fraction. With such purpose polymerization experiments of equimolar mixtures of c(ES) n and several selected lactones were carried out for 24 h under the same reaction conditions that were used for the synthesis of the homopolyester. c(BS) n synthesized by enzymatic cyclocondensation and displaying the features indicated in Table 1 (detailed characterization data are provided in Fig. SI-2 in the ESI file), commercial L-lactide (LA) and commercial -caprolactone (CL), were the cyclic comonomers of choice.
Preliminary results obtained in these copolymerization experiments are compared in Table 2 , and the 1 H NMR spectra registered from PES and the three copolyesters are depicted in Fig. 3 . A close examination of these spectra allowed ascertaining the those previously reported for similar copolyesters prepared by chemical methods. 21, 22 Although the values measured for the copolyesters made from caprolactone and Llactide could not be contrasted in the same way because these copolyesters have not been described so far in the accessible literature, the behaviour observed for both Table 2 PES copolyesters prepared by e-ROP. as a green alternative for the synthesis of PES homo-and co-polyesters, in particular when these materials are intended to be used in biomedical applications.
